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ADVISCRY ON THE USE OF THIS DOCUMENT

The information contained in this document has been developed polely for the
purpeae of providing general guidance to employeea of the Goddard Space Flight
Center (GSFC). This document may be distributed cutside GSFC only ae a
courtesy to other government agencies and contractors. Any distribution of
thie document, or application or use of the information contained herein, is
exprassly conditioned upon, and is aubject to, the following underetandinge
and limitatfions;

{a) The information was developed for general guidance only and is
subject to change at any time;

(b The information was developed under unique GSFC laboratory conditions
which may differ substantially from osutside conditlions;

(<) GSFC does not warrant the accuracy of the information when applied or
used under other than unique GSEFC laboratory conditions;

{d} The information should not be construed as a representation of
product performance by either GSFC or the manufacturer;

=) Neither the United States government nor any person acting on behalf
of the United States government assumes any liability resulting from
the applicaticon or use of the information.
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A radiation evaluation was performed on 200403] to deltermine the
total dose teolerance of these parts. A brief summary of the test

results is provided below. For detailed information, refer to
Tables I through IV and Fiqure 1, .

The total dose testing was performed on twelve parts using a
Cobalt-60 gamma-ray source, while three rarts were used asg
control samples. The twelve irradiated parts were separated into
three test groups of four parts each, in order to test the effect
of different biasing conditions on the parts during irradiation.
Test Groups I and 2 (TGl and TG2) were biased during irradiation
using the circuit in Figure 1 with SWl in the Statie 1 and Statice
2 positions, respectively. Test Group 3 (TG3) was left unbiased
during irradiation. The total dose radiation steps for each
group were 5, 10, 20, 40 and 80 kradsx. The dose rate was
between 0.25 and 1 krad/hour, depending on the total dose level
{see Table II for radiation schedule). After 80 krads, parts
were annealed for 48 and 168 hours at +25°C. After each
radiation exposure and annealing treatment, parts ware
electrically tested at +259C, according to the test conditions
and the specificatlon limits listed in Table III. . After the
final annealing treatment, electrical measuroements were also made
at high and low temperature (+125°C and -55°¢) .

s8ix functional tests were also performed on all parts after each
radiation exposurc and annealing treatment. Functional tests #1,
#3 and #5 (at 10 MHz, 5 MHz and 2 MHz, respectively) consisted of
writing and reading the following patlerns: all ones, all zeros,
checkerboard and inverse checkerboard. Functional tests #2 and
td, at frequencies of 10 MHz and 5 MHz, recaspectively, consisted
of eight different test patterns: "l On" march, row address,
column address, sliding diagonally,, ping-pong, surround, row
galpat and c¢olumn galpat. Functional test #6 consisted of
writing a checkerboard pattern te the parts, reducing the wvCC
voltage from SV to 2V for 55ns and then reading the pattern from

the parts at 1 MHz., for a data retention test. For details of
functional tests, see Table III,
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All parts passed all electrical and functional tests from initial
(pre-rad) up to and including 10 krads. After the 20-krad
irradiation, all parts from TGl and TG2 exhibited functional
failures for some tests and one part from TG3 showed failure in
one functional test (#6). After 40 krads, all parts from TGl and
IGZ2 failed some functional tests and one part from TG3 failed all

functional tests. After B0 krads, a similar failure pattern was
observed. For details, see Table IV,

Parts from TG3 passed all parametric tests throughout the
radiation testing, however, parta from TG2 exceeded maximum
specification limits for VIE, ISBL CMS and timing tests at 80
krads, and parts from TGl exceeded maximum specification limits
for ICCDR at 40 krads., Other thapn in ISBL. CMS for parts in TG3,
very little recovery was observed during annealing for 168 hours
at +259C., Pparts in TG3 exhibited a reversgl in recovery of

timing measurements during high temperature measurements at
+125°C after 168 hours annealing -

Table IV provides the mean and standard deviation wvalues for each
parameter after different irradiation exposures and annealing
steps for each of the three test groups.

Any further details about this evaluation can bhe ocbtained upon

request. If you have any questions, please call me at {301y 731-
8954,

*In this report, the term “rads" is used as an abbreviation for
rads (8i} .



TABLE I.

Part Infcormation

Generic Part Number: 204031
GPEP/PPL

Part Number: 2004031/62832H
GPEP/PPEL

Control Number: 4101

Charge Number: Cl4082
Manufacturer: Elmo/Hitachi
Lot Date Code: 9107, 29101
Quantity Tested: 15

Serial Numbers of

Radiation Samples: 6, 11, 12, 14-1s6, 18,
Serial Numbers of

Contral Samples: 8, 9, la4

FPart Function:
Part Technology:
Package Style:

Test Engineer:

32k x 8-bit SRAM

CMOS

DIP

J. Lander

19,

21-24



TARLE Ii‘ Radiation Schedule for z004031

EVENTS

1) Initizl Electrical Measurements

2) S-KRAD IRRADIATION (0.25 KFRADS /HOUR}
POST-5-KRAD ELECTRICAIL MEASUREMENT

3} 10-KRAD IRRADIATION (0,25 KRADS /HOUR)
POST-10-KRAD ELECTRICAL MEASUREMENT

4) Z0-KRAD TRRADIATION (0.5 KRADS /HOUR)
POST-20-KRAD ELECTRICAL MEASUREMENT

5) 40-KRAD IRRADIATION ({1.0 KRADS3 /HOUR)
POST-40-KRAD ELECTRICAL MEASUREMENT

6) BO-KRAD IRRADIATION (0.59 KRADS /HQUR)
POST~B0~KRAD ELECTRICAL MEASUREMBNT

7} 48-HOUR ANNEATLING
POST-48-HOUR ANNEAL ELECTRICAL MEASUREMENT

8) 168-HOUR ANNEALING

POST-168-HOUR ANNEAL ELECTRICAL MEASUREMENT (4259¢C)
POST-168~HOUR ANNEAL ELECTRICAL MEASUREMENT (-559¢)
POST-168~-HOUR ANNEAL ELECTRICAL MEASUREMENT (+1259¢C)

DATE

08/08/91

08/18/91
08/20/91

08/20/91
08/21/91

08/21/91
08/22/91

G8/22/91
08/23/91

08/23/91
08/26/91

08/26/91
08/28/91

a8/28/91
9/03/91
09/04/91
09/05/91

B —



Table ITI. Electrical Characteristics of 2004031

¥l PART WO : ZQ04031 &28B32H | PART TYPE 1 (32K x 8) Bits | PCN : SI10423A
? | RAD-HARDENED CMOS Static RAM. -

i _______________ LOCATION | TEST SPECIFICATIONS

| DISK LABEL : LIH_20 N HITACHI 1C MEMORY DATA BOOX

{ DIRECTORY : DQAT:ilPROGRAMS.4231 i TANUARY 1990.

e . e e P e e n  ——————————————— A B ol i He e ek

|

|

[ PARAMETER Voo VIL YIH CONDITIONS - PINS EIMITS 2Z5C,-BEC & 126C |
| **ccopnumw E=E= ECzz SEZS om=s=sSsS=Ecpom=a EEEEMEE REEESSCEE=S=S===SEaSCIa===o i
| FUNCT # 1 2.0V 0.0 5.6V FREQ = 10 MHz ALL I/0D VOL{1.5V , VOH)1.5V I
| FUNCT # 2 5.0V 0.0V S.0V FREQ = 10 MHz ALL I/0 VOL{1.5V , VOH}1.5V i
[ FUNCT # 3 5.0V ¢,.0V 5.0V FREQ = § MHz ALL I/0 VOL{1.5V , VOi{»1.5V {
I FUNCT # 4 5.0V 0.0V S.0V FRED = 5§ MHz ALL T/0 VQLC1.5V , VOHD 1.6V |
[ FUNCT # 5 5.0V ¢.0V 5.0V FREQD = 2 MHz ALL I/0 VOL{1.8V , VOM1.8V |
i FUNCT # & 5.0V 0.0V 5.0V FREQ = 1 MHz ALL /0 VOLC1.5V , VOH>1.8V i
[ ——————— T B e M e e g L 8l ko e . it ry e e e e o e e ——————
t DC PARAMETRIC TESTS ) }
t ________________________ SR IR el e . e Y Al il oA el i e o . L A N e T — . —
| PARAMETER Voo VIL VIH CUONDITIONS PINS LIMITS 2'_':-!3,.—55(? k 12Z8C |
| =EEEFTIOEM E-ENE =SS FrEF mmmssmsm==ooo= =moopmpee TR R LA NERE N AR E S S SRS = I
| VIH_ 4.5V 4.5V 0.0V 0.8V FREQx 1MHZ INS YEO.OV  ,  (42.2V |
| VIH_5.5v 5.5V 0.0V 0.8V FRED= 1MHZ INS »x0.0V ,  {+42.2V |
| VIL 4.8V 4.5V 2.2V 4.5V FREQ= 1MHZ INS Y+D.BV , {+5.%V 1
[ VIL_S.5V B.EV 2.2V 5.5V FREQ= 1MHZ INg y40.BY , <45.%V 1
| VOHL 4.5V 0.BY 2.2V LOAD= ~4MA ouTs 2.4V, 455V |
| VGHZ 4.5¥ 0.0V 4.5V LOAD= —-4MA ours 42,4V, (45.8V {
| VoLl 4.5V 0.8V 2.2V LOAD= +BMh ouTs 0.0V, (+D.aV |
| VOLz 4.5V 0.0V 4.5V LOAD= +8MA ouTs ¥40.0V , 40,4V I
} TIR 5.5V 0.0V 5.5V VIN = 5.5V INS y-0.0up ,  <+10UA |
| IIL 5.5V 0.0V 5.5V VIN = 0.0V INS -LOUA ,  {+0.0U0A |
| ILOH 5.5V 0.0V S.5V VOUT= 5,5V ouUTS »-10UA , <4+10UA t
| TLOL 5.8V 0.0V B.5V VOUT= 0,0V oUrs ¥=10UA  , <+100A ;
| ISBL_TTL 5.5V 0.8V 2.2V CS+QE=2,2V veo Y40.0MA ,  (+30MA i
{ ISBH_TTL 8.5V 0.8V 2.2V CS+0E=Z.2V vce Y40.0MA , <+I0MA |
| ISBEL_CM3 5.5V 0.0V 5.3V CS+0E=2.2v VCC 0. 0MA ,  <+2ZMA ]
| ISBH_CM= 5.5V 0.6V 5.3V CS+0E=2.2V vCC Y+Q.0ME ,  {+ZMA {
| ICCDR 3.0V 0.2v 2.8V CS+OE+HE=Z2.BV VCC }40.00A ,  (+50UA i
| 1CCX 5,5V 0.0V 5.5V F-1MHZ,1K BLK VCC Y+O.OMA ,  <+ZMA I
| TCCD S.57 0.0V 5.5V FRpP=18.2MHZ VCC »+O.0MA ,  <+120MA I
i T T T e e e [ A
| AC PARAMETRIC TESTS }
l ————————————————————————— U e e e e e = e A e e e e -
| PARAMETER VCC VIL VIH CONDITIONS PINS LIMITS 25C,-S558C & 125C :
: EmsisoooaS mREDn == SR EOoSCCIrE=STEIOfONMED EECEEEER n_::;;;:g:;:::::::::_: I
| TAAL LH 4.5V 0.0V 3.0V F=1.0MHz,VCMP=1.5V OUTEUTS ) Ons , ¢ 55ns i
[ TAAl HL. 4.5V 0.0V 3.0V P=1.0MHz,VCMP=1.5V OUTPUTS ) Onsg , £ BSnE |
] TAAZ LH 5.5V 0.0V 3.0V PF=1.0MH= fVCMP=1 .5V OUTPUTS ¥ Onse , < Hbnc |
I TAAZ HL, 5.5V 0.0V 3.0V FPF=1.0MHz (VCMP=1.5V OUTPUTS > Ons . {-98ns |
!
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Table ITT {(cont.)

{1} FUKCTIONAL TESTS ARE PERFORMELD AT VCC=5.DV ONLY.

{2) FONCTIONAL TESTS #1,

1 -

(3} FUNCTIONAL TESTS #2 & #4 CONSISTS OF THE FOLLOWING APC PATTERNS

ALL_ONES
3 - CHECKEREOARD

#3 & #5 CONSISTS OF THE FOLLOWING PATTERNS -+

2 - ALL_ZEROS
4 - INVERSED CHECKERBOARD

1 - =1ON" MARCH Z - ROW_ADDRESS
3 - COL_ADDRESS 4 - SLIDING_DIAGONALLY
5 - PING_PONG £ - BURROUND
7 - ROW_GALPAT 8 - COL_GALPAY

(4} FUNCTIONAL TESTS #6 CONSISTS OF THE FOLLOWING : #

- WRITE CHECKERBOARD (ALL AUDRESSES)
= REDUCE VCC TO 2.0V TO PERFDRM DATA RETENTION TEST. B
= WALT 55n8 AT VOC = 2.0V

- INCREASE VCC BACK TO 5.0V
~ READ CHECKERBOARD

(ALL ADDORESEES)

{5y VIL & VIH HWERE TESTED DYNAMICALLY I 1MHZ FUNCTIONAL AND GO/NOGO DURING
VOL & VOH DC TESTS.

(6} ICCX

(a)
(h]
(c)
(d)
(e}

{7) TESTS
- CIN
- WRITE/READ CYCLE TIMING PERFORMED GO/NOGD @ 10.0MHz {FUNCT #1 & #2).
= OHNLY ADDRESS ACCESS TIME PROF. DELAYS WERE PERFORMED (TAA TESTS).
~ ALL OTHER AC TESTS ARE NOT BEING PERFORMED WITHIN THIS PROCRAM.

; STARD BY QUIFSCENT CURRENT MEASUREMENT FOR EVERY 1024 ADDRESS
LOCATIONS. CONSIST OF THE FOLLOWING FROCEDURE :

— HRITE ZEROES (ALL ADDPRESSES).

WRITE WES TQ THE FIRST 1024 ADDRESSES.

PERFORM AN ICCSR MEASUREMENTS.

HRITE ZEROES TG THE FIRSY 1024 ADDRESSES,

REFPEAT BTEPS (b)->{4) FOR THE NEXT 1024 ADDRESSES AND S0 0N,
FOR L TOTAL OF 32 REANINGS (32K ADDRESSES).

NOT PERFORMEL
, CCLKL & COUT TEST.

(8) THIZ PROGRAM TESTS FOR CONTINUITY AND ORIENTATION TESTS. ALEQ THIS
PROGRAM WILL PERFORM AN OPPOSITE STATE VOL & VOH TESY.

T T T T T T T T T T S R R A e ke b e . i ) A i e o o o Rk e 7P B A ot e o e e e o

T T T e T T i e e e e e i ol e T i o o e e o e e

T T T T T T T R —— —  —— ———— e ————————

DEVICE CONFIGURATION : 28-PIN DIE (0,300") | +25 DEG. C. |X]
{ 5-50 LOAD ECARD #17 : SWITCH/JUMP PIN 14 TO [ «5% DEG. C. |X|
GHD. | +125 DEG. C. |X|

ek

______....___.—.-_-______..___——..____.-4-...:\....________——--4_______-n__——...____-.-...u._____..___-—




TABLE IVa: Summary of Elec. . Measurements After ,
Total Iose Exposures and Annealing for ZQ04031 Group 1 (Static I, biased) 1/2/

Teotal Doae Exposure (TDE) {krads) ’ Annealiag
0 5 10 20 40 B0 48 hours|l68 bour (168 hour {168 hour
Spec. Limif (Pre-Rad) +25°0 +25°2 ~55% | +125°C

Parametexs min max mean ad |m mean s5d ad ad
FLHE] EE
FUKCZ 3
FUNC2
FUONCA
FUNCS i
FUNCH L EAR0s AR Toa T n R S
VIHE 4.5V V 0| 2.2 : R o e T s | AlnEy | L;”;E rErE é .04 |
VIn 5.5 W of 2.2 F i 103 I3
vIL 4.5v v | 0.8 5.5 | ;
VIL 5.5v V{ ¢.8 | 5.5 |
VOH1 v| 2.4] 5.5
VOHZ v]z2afs.5k
VoLl v o 0.4
voL2 v of 0.4
ITH uA o| 10
TIL uk | -10 oL
I10H uh | 10| 10
TLOL uh o 10
ISBL TT- mh | 30
158H TTL mA 1] 30
I5DL CMS xa 0 z
I553H CMS mA g 2
ICCDR ey 0| 50
Iccy [y 0 2
ICCD mA o| 120 B3
TAAlL L5 ns 0 55
TAAL HL ns= o 55 Rt . Lk . Ve
TAAZ LH ne 0 | 55 BESw 0.8 BIGE] o.8 Fiatel 0.0 FEEag] 0.8 [HE9] o, P CES N ~ Gea 571
TAL2Z HL ns ] 55 .7 BRG] o, & .7 R T g . BEia 5

H aly Loy 3 Bt i - B , . E 1% a m& 0.7
Notes:

1/ The mean and standard deviation wvalues were galculated over the twelva péits irradiated in this testing.
The control samples remained constant throughout the testing and are not included in this table.
2/ #/# in the functional test column means number passed/number failed,
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TABLEIVDE: Summary of Elec I Measurements After
Total Dose Exposures and Annealing for ZQ04031 Group 2 (Static IT, biased) 1/ %/

Total Dose Expoaure (TDE) (krads) Annealing
0 5 10 29 440 840 48 hours{l168 hour [168 hour |18 hour
Spec. Linif (Pre-Rad) +25°C +25°C -55%C +125°C

Paraneters min max mean s5d mean sd mean sd |mean sd
= e TR T - _ — :
FUHC2 : z AL
FUNC3
TUNCY
FuUNCcS
FUNTE
VIE 4,5V ¥ ol 2.2 L3
VIE 5.5V ¥ 0| 2.2 &
yIL 4.5v v o8| 5.5F .5
VvIL 2.5V v| 0.8 5.5 : .5
vOHL v]| 2.4 5.5 _ .01
VoH2 v| 2.4 ] 5.5 E .01
VoLl v c[ 0.4} .01
VOLZ v 0] c.ea | 01
IIH uad 0 10 § .3
IIL wh | -2 ¢ : .5
ILOH uk | =10 10 | .4
ILOL uh 0 10 g
ZSBEL TTL mA ] 05
ISBH TTL nhA ] .05
ISBL CMS mA J q o7
ISBE CMS mhA C 4 .06
ICSDR uA a 27
1ccx ma 0 .06
1ccn ma o 0.1
TaAl LH ns 0 Pa 2ES
TAAL HL ns 0 T zzs
TAAZ LE n= 0 3 454
TAA2Z HL ns 1 284 |
Hotes:

1/ The mean and standard deviation values were caleulated cver the twelve parts irradiated in this testing
The control samples remained constant throughout the testing and are not includad in this table.
2/ #/¢# in the functional test columm meana purber passed/number failed.




SpeG,

Parameters min

TABLE IVc: Summary of Elecw.. _.i Measurements After
Total Dose Exposures and Annealing for ZQ04031 Group 3 (unbiased) 1/ 2/

Total Dese Exposure (TDE)} (krads)

Annealing

]
Limi] {Exe-FRad)

20

10 BO

mean sd hmaan sd

48 hours
+25°C

168 hour 168 hcur (168 hour

+25%C -55°C
mean ad

+125°¢

Furcl

FUNCZ

FUORC1
FURC 4

FONCE
FUNCE

VIH 4.

=1

VIH 5

VIL 4.

5V

S5y

VIL 5.

WOH1
VO 2

hKim|olo

veZl

VOLZ

1

IIH

1
[

2.2
2.2
5.5
5.5
5.5
5.5
0.4 f
0,4 |
o
oE

IIL

GDOQG:I:-J\WHOO

1
]

o]
=]

1LOH

[=3
L=}

1LOL

L
o

IS3L
ISZH

SIERIEIE[EE cla|ele <la|<|<

ILEBL

ISEH

§1B

—CCDR

1CCy

120 [

T3] 0.2 AU

IZCh

RS

i 0.3 |3

TRAL

LH

HES

2zim) 1.0 [

TAR]

HL

s

591 0.9

TAAZ

L&
AL

QDUQGQQQHC‘IDO

4 0.6

TAAZ

Kotea:
1/ The mezn and standard deviaticn values were calculated over the twalve parts irradiated in this testing

The control samples remained conatant throughout the testing and are net included in this table
2/ #/% in the functiocnal test column means number passed/number failed.
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Figure 1. Radiation Bias Circult for Z§04031

Pacr Mo, © ZQ 0031/c28324
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